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Abstract 

A method and kit for detecting toxins and pollutanta ta 
disclosed. The kit lncludee a tranegenlc organ 1 em having a 
stress- inducible control region linked to a gena encoding a 
detectable protein wherein said control region regulates the 
expression o£ said detectable protein, exposing aald organism to 
said sample i and determining the amount of detectable protein 
produced. Exposure of this organism to a toxin or pollutant 
induces the production of the detectable protein which can be 
easily measured. Thia Invention provides a rapid and reliable 
system for testing samples for the presence of toxins or 
pollutants. 
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FIBLDs The off ecu of environmental conditions or toxicologic el agents on 
multicellular organism* are usually aiaencd by expoiing a tear organlim (a 
bio monitor) to the environment or condition of UuerotU and then analysing aoma 
biological parameter each viability, reproductive succors, oc ihe level of gone 
metabolite or cniymo* Alternatively, Che lamn parameters may bo moaiurcd on 
natural organisms already present, In the environment Such assessments typically 
ate eompleai lengthy and fsborious; the nulturlng, exposure and assessment of the 
ten organlim rcouircs many manipulations, Tnii Invention describes: 1) the use of 
transgenic organisms to monitor environmental effects or toxicity: 2) uentga&lc 
•»™i Of oemntode. C*<*9rkab4lH$ ties**** which respond to environmental 
conditions by producing an easily measured protein product; 3) methods and 
compositions for exposing the organism to test snbstences; 4) methods and 
compositions for readout of the organism's response. 

I* BACKGROUND; 

lite need for methods of assessing the impact of environmental pollutants on 
acolonloal Systems has led to the development of procedures which utilise living 
or mum* aa biological monitors, lite simplest and most convenient of these systems 
limine unicellular microorganisms, since A ay are most easily maintained and 
manipulated. 

Unicellular organisms, however, are inadequate models fox estimating the 
potential emoto of pollutants on complex multicellular animals, at they do not have 
the ability to terry out Motraaaformailons. Biotransformations of chemical 
compounds by multicellular organisms Is a significant factor In determining the 
overall toaicUy of aaenu *o which they are exposed. This feet has stimulated the 
aeamh fm model organisms in the latter category which could serve as bio monitors. 
THe nematode. Ca*ner*e*rfjjjj ff*|aa/, has become a widely used modal system for 
genetic and molecular biological studies, and the ease of culture and handling of this 
organism has led to the proposed use of this and related species as blomonltors in 
various eppUeattone, tome examples from the recent literature are: 
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1. Williams, PX. and Dojenbery, D.»>, '^sLg ^ ronLtodo Citnvfhabdltl* 
m$an* to predict mammalian acuta totality to metallic iHis.* Toxicol, lad, Health 
^4). 40947ft, 1989. 

2. Williams, ?.L. and Duseaberry, D.B., "A promising indicator of 
neuxobehavforat tonicity using the nematode CiinorhmMm* eiegant and computer 
tricking". Toxicol. Ind, Health iP-d), 435-440. 1990. 

3. William*. P.JL. and Dusenbery, D.B., "Aquatic toxicity testing uilnf the 
nematode. Cainorhabdttli *7rfoiu\ Bnvlroa. Toxicol. Cheat, a, 12W-12V0, 1990. 

4. Saraoltotf. M„ ThO nematode tonicity assay using Panairellus rgdlvlvus* . 
Toxic. Ameis. fl(S>, 309-318. 1990. 

5. Van Koseel. W.H.M., Brocades Zealbarg, R.W. and Seinen, W. "Teatlng 
environmental poUucanta on toll organiamei a simple aesoy to investigate the toxicity 
o# environmental pollutants on ioII organism*, mlag cadmium ebloridt and 
nematodes". Beotoaieol. anvtran. Sat IMJ&h 18M90, 1989. 

Over the lest IS yeas* or so, it hat been established that all organisms respond to 
beat stress and to a variety of chemical stresses by producing specific protein* which 
are made either at much lower levels or not at all under normal condition!. TbU 
realisation has lad to proposals for monitoring the environment by measuring the 
loveli of ihoao proteins In various organisms (1,2,3). Thcic approaches involve 
extraction of the proteins and measurement of their levels* usually using antibodies. 

The invention described herein utilise* a difforont guproach, i.e. we bavo Hnkod 
tne control regions which regulate streie protein production to a gene which 
produces a readily measurable ctuymc (a "reporter gene") This reporter gene has 
been inserted into the chromosomes or C. *f#gan# to produce trensgenlo strains 
which respond to autee by making the reporter ensymc. To complete the bfomenitor 
system, methode have been designed for rapidly and conveniently assessing the 
magnitude of the reporter enayme activity, as well el ill tissue Vocation In the 
nematode. The roeomblntm stralae, together with the assay methodology, can 
constitute s fcjotnoftttorlng "kit" which caa be need to detect the level of stress 
Imposed on an organism by exposure to water samples (salt or fresh water), slodgas 9 
sediments, soils, soil extracts, pesticides, etc. 

II. SUMMARY OF THE INVENTION! 

1. The roportar gestae. 

The (Iret to a series of amis gene-reporter construct* currently in use consist 
of the £. coll genes iacJf, coupled to a atioes-lnduclble promoter derived from the 
ksplt gene of the nematode CmiHcrhmbdltlt r/rja*r, L§cZ encodes the eaxyma, p- 
galactoeidiie, which la stable in nematode cells, and for which sensitive histological 
and epoctrophotomatrlc essays already nxlet 

An advantage of those reporters is Out die promoters are tightly regulated, u. 
or ao gene activity la present unless the animal has been streaecd In some way. 



and tha nematode poseeesss no p*|*i«u>t*daso activity of its own. Thla means thai 
background activity in the assays is extremely low, and that tha aaaay le very 
sensitive. A schematic diagram of specific reporter genes which have been 
constructed ii shown in Figure 1. NLS, a nuclear locallaauon eigne!, targets the 9- 
galeetoeJdete to the nucleus, making tdentirioetloa of the stressed ceil and tissue 
types possible. MSB is a heat shook or siross Inducible regulatory element. Theee 
vectors have boon described in Strlngham exaL (4). Tha complete sequences of the 
hspld genes are described in Rnsanak oiaL <3) and Jones fiilL. <*>. 

Other types of reporters which satisfy the above criteria are also consistent with 
this methodology. For Instance, bacterial or firefly ludfersse might be need to 
provide a sensitive assay band on photon omission (7). Any gene product Tor which 
the substrates can diffuse Into the nematode cells in the procedure described below, 
would he compatible with thla bJomonitor system. Other promoters, which respond to 
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1 went classes of stressors or conditions, could Also bo used In conjunction with the 
verioue reperlor genes, e.g. metellotAioncin or oytoohrome P450 promoters, or other 
hMt Khoet promoters. 

Detailed description of streae*raporter goat construetione (Alio see (4» 

The vector pPCZl, illuetrated in Figure 1 is the hsp 16-48/1 translation*! fusion 
completei wu conatructed by intoning a $500 bp HlndMI-AXin fragment encompassing 
the IqcZ get* (nucleotides 18 to 3918 of the expression vector pPD1643 (B» Into the Hpa I 
tito (nucleotide 3565 or iho published sequence) of (ho ArplcW gene. pPCZl contains a 
eomplota Mspl6*48/J gene pair extending from a Bet I alio at nucleotide 22*0 to the Bam Ht 
* i La at nucleotide 4186 in iba published sequence (S). PI as mid pDX16.3l repreeeats the 
complote uanaiational fusion between iacZ and the h*pJ6-4M2 gene pair, which wai 
constructed by inaerting lac2 os a 3200 bp Xtel-SaU fragment into the Hpa I sit* of htplt- 

2 (nucleotide 1690, (0)). The laiter was ooncalnad in an Bco W (nudeoiide $40) to Hbo I 
(nucleotide 2870) fragment ancompaeeing the k$pl6-4lll gene pair. 

Ptaemld pPCl 6.48*1, whieh correiponda to tho translation axon 1 fusion of the h*pl6- 
4Btl gene pair to tecZ* was constructed by Inserting a San 3A fragment extending from 
nucleotides 987 to 1440 (3) Into the Bam HI alte of the nematode expieeaton vector pFD16Jl 
(8), aueh that the h$pl6-4B promoter wai proairnal to idcZ. pFC16.1-48 COtttoine the Sau 3 A 
fragment la the invarae orientation aueh that the aapid-/ pxoraow is closed to iacZ . A 
Sou 9A fragment extendiny from nucleotides 1121 to 156 1 of the *jp/e«4/'2 local was 
cloned into the font HI alio of pTOiAJi (R) such that the hip J 4*4? promoter war proximal 
to fac2< generating plaHuid pHS 16,23 (illustrated ai the tranilallonal exon 1 foalon of the 
Hjpl6~4Jf2 gene pair). 

Plaimld pPC16.48-Sl ia a transcriptions! fusion eonaiating of an Mai 2 fragment 
(nucleotide! 3085 to 3262) of the h*p!6-48 promoter cloned Into iho Nlmcfi aite of the 
pPD16.iL polyllnlccr. pPCl6.4l-5l ia e transcriptional fusion confining of a Taq I frament 
extending from nuclaoUdea 1169 to 1409 in the hip] 6-41 gene inserted at the Ace I sue of 
pPOle 51. AU of these gene constructions are described in Stringham at al. (4). 



2* The strains 

Initially, transgenic stralaa carrying extrachromosomai arrays of the kjpl6* 
ImtZ transgenea described in the preceding eoctlon wore constructed and extensively 
eharaciarlxed with reaped 10 their Induction by heat shock (4). In these strains, 

the introduced transgenic DNA was not integrated into the host genome but rather 
was earried as exlrachromosoniel arrays whlcn were not peeied to the next 
generation with 100 * fidelity (4), While these strains produced large amounts of p- 
galaeiosldaae in response to heat streee, no ensymatie activity was detected after the 
animate bad been exposed to cadmium <4). Thua, we concluded at the time that the 
atp/d genes were not metal Inducible gaaea (4). 

The transgenic nematode atralna currently In use were produced by integrating 
iho above reporter ganea into the genome (9). Unexpectedly, these strains produce 
S-gatactosiOase to roupoaee to a variety of stressors, Including cadmium, anal heat 
strata (10.11). These atralna are genetically stable* and were derived from the 
carrier, unstable atralna described ia Stringham ei al. <4), by gamma irredlsrion and 
genetic selection for animate which pasted on the trans fane In lOO« of their 
progeny {9). Oeaetie stability ia an advantageous feature of cbla invention. In 
addition to the reporter gene of Interest, these particular i trains also carry s marker 
gone which results in I dllliaei patient or movement of theie animals, 
dieUnguiehiag them from the wild-type orgenlera. Strains FC71 and PC? 2 carry the 
complete translation*! fusion ahown at the top of Pig. I. Strain PC73 carries the 
hapl6<48/l uanaiational exon I fusion shown In the middle of Fig. 1. The copy 
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obex of these reporter tiencgenci ii estimated at 65-80 per haploirt genome 
(Figure 1). 



y Bxpoeare of the transgenic orgaalsms to tesl materials (Refer to 
rfigurt 3 and Reference 11 for detalfed msthods)* 

1. Use of tost tabes or raultiwell diches* 

Thousands of transgenic U of L9 raged larvae cad be cultured and cctpoaed to 
teat templet la multiwell (issue culture dlehos hi storage medium containing g /ac- 
Itrein of £. coif u g food tomco (Figure 3>. la (bit fetbion, numerous uiaploi enn bo 
tested simultaneously, and the concentration cr lime of enposure to the tost substanee 
varied. Tbie procedure alto ellowa monitoring of the general health of the enlmala 
during the course of ea eaperiinent by observatfee with a dltaeotlAg microscope. At 
the eompledoa of the expoiure to the test substance the animals ere transferred to a 
test mho. pelleted by eentrltugatlon, warned briefly with distilled water. 
permoabiUaed with acetone end assayed for p-gftlsetosldese activity by one of the two 
methods dcicribed below (Figure 3). Alternatively, tlaauc culture dtihcs containing 
porous removable iniorie which ere acotoae resistant would eliminate any 
requirement for test tabes and ce nirl f uge Uoo i 

fie a soluble eisey» p»feiaciQsldaee cleaves the odourless subsirste ONPG to release a soluble 
yellow product, orlho-uttropQcnol, which hat ea ebiorbeace mMimum at 420 am under 
baale condition*. Using this approach the magnitude of th» rceponse can he quantified 
speetrophototnetrtceJly. Alternatively, addition of the blstoehemlesJ eubcirete Xgel results 
in the formation of an insoluble blue preeJpltete im jJi». thus providing qualitative 
Information as to the tiueee distribution of the response (Figure 3). 



2. Soil testing. 

The above procedure need oaly be modified slightly to tell soil ox ledimsnt 
samples. A donee slurry ootueinlag the nematodes end a lac- strain of E. cotl Is added 
to 1-2 g of soil or sadlmeni which is contained within a well of a tissue culture dtsb 
or a eomtlUetion vial Upon completion of the exposure, distilled water is added to 
the toll so that the animals float to the top for removal* The leuiaved animals are 
washed, floated on 30 % soctos* to remove romslnlng soil and bacteria U2>» and 
esiayod for £-galaeieiidaee es deacilbad above. 



9* A eeif -contained eanosure and test ohanAtr (STC). 

A chamber hag been developed in which (he animals can be stored, exposed to 
the teat tube lance, and eesayed wUhout the need for plpetlng or oentrifuigiioo. Thia 
|reaUy aimplines the procedure, end may make It potelblo to ate (ha blomonitor in 
field testing. A diagram of one possible monJ/eatadon of the teat chamber is shown 
in Figure 4, This diagram is provided si e farther aoide to the practitioner of 
ordinary skill in the art, and la not to be cons trued se limiting the Inve&rJoa In any 
way. 

Material speoifieatlons: 

The bstrel (2) should be transparent (clear plastic or glass), gad ideally 
graduated in mllliUtree; the filter en the end of the barrel (3) ahould retain 
nematodes from early larval sieges onwards, but allow passage of liquid* and smell 
parttelee each ai bacteria: a 5*10 micron mesh is suitable. All meterials ahould he 
reeietant to acetone end similar solvents. 

Functioning of the test chamber: 
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The assembly tot* lit* ■ eyriege - The piston can be drawn upwards or 
downward!, to draw in or expel liquids, respectively.. To mi up the a/atom, nematode! 
•re added to the bane! end the placon ia inserted end pushed down to the level of the 
Stop <*). THe animals can be stored ifl ihla assembly in various forma (tee below) 
until used. The chambers an stored upright in e luiuble nek or tube, aueb that ihc 
ceroaiodcs settle on the maib and thereby ere la close contact with oxygen io (he air, 
which 1» essential to maintain their viability. 

To expose ibe nematodes lo a liquid teat cample, the culture fluid ii expelled, and 
the sample la drawn In, perhaps ringing once or twice with the teat sample. The 
desired volume of the teat sample is drawn la, and the nematodes are Intubated for 
the dosired period of time. 

Read-out or the level of tucii-inducad enzyme activity la carried out in the same 
apparatus, by expel) las tha teft sample and drawine In the appropriate aasay 
soluilon* lo turn. For a color! meirio esaay, color intensity caa be estimated through 
dia transparent barrel, or the assay solution can be expelled for measurement In a 
spectrophotometer, 

Method of Operstfon: 

The test chamber (Flg.4) contains a pre -determined number of nematodes at a 
specific eiuge of development (efg, LI, L2, L3, Li, deusrlarva or adult) in a nutrient 
medium (Storage Medium, SM). 

1. Test samples, coaaiaUng of water samples or aqueous extracts of soils, etc. are 
suitably diluted and mixed with a concentrated elect solution of SM to gWe a standard 
final concentration or the medium. 

2. The sample is drawn into the chamber, and the chamber ie incubated for the 
desired time at a ataodsrd temperature, usually between 15* and 22°C. 

3. The sample is expelled, the chamber ia rinsed with a simple salta medium or 
with water, and the rinse solution is expelled. The nematodae are retained in tha 
chamber by the porous filter or mesh. 

4. The nematode* are made p time able to the aisay componenta. A suitable 
treatment it to draw In acetone and ineubats at ambient temperature for a few 
minutes. 

5. The acetone is expelled and the assay solution is drawn into the chamber. 

ft. The assay results are read after a suitable incubation time, ranging from a 
few minutes to overnight, at a temperature ranging from ambient to SVC. Two types 
°' *"*y been employed: a qualitative biatoebemleal assay which Indicates 

which Oaaues have undergone the stress response, and a quantitative soluble assay 
which provides a colour change reflecting the level of eiress«induced eoxyrne in the 
whole animal. 

EioMONITO^ 09 9nClVlC COMMENTS OF THE 

Previous blomonltorlaf systems have comities in monitoring some 
physiological parameter of a wild-type organism such as a microorganism, an 
invertebrate (mussels, clams, Daphnla) or a vertebrate (usually a fish species) 
duriftfl or after exposure to some lest condition. The end-point of the assay is often 
lethality, e.g. the LDflO of tha t»*t auVctanee Is determined (13.14). Other assays have 
involved measurement* of behavior such as movement of fish away from tost eemples 
(15), or frequency of pumping ia bivalves such as musiols (id); in these cases, 
complex and expensive electronic equipment forms part of the system. 
Alternatively, end more recently, the level i of specl/Je blomolecules, usually 
proteins, ia the tost speclsa have been measured, e.g. the Current interest In 
spga P'oieiM (17). The letter assays, while using relatively simple 
equipment, nevertheless are very Ume-conscmins. involve many manipulations, 
and require extensive training and experience. They are not suited to use in the 
field* 
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Tli* pictcai approaoh atilicej specially deiigned trtnjgenio orjinitau which 
retpond to meteore by producing in entity quantified enzyme which U not normally 
produced by those ornanitms. Furthermore, by utilising the small, easily 
manipulated nematode, C. fiiMw, readout of ino results can ha curled eat rapidly 
aad simply in the Intact organism, without tht necessity of disruption of liisuoe or 
extraction of tba oneymo to ba manured* Tte auay can ba parformcd euUy la tha 
laboratory or la iba (laid, by personnel with minimal training' 

Advantages of lha system* 

A. Quanutailve or qualitative measures of itrata ia a multicellular animal, 

H. 2a reeponslve to both org tale aad Inorganic etreesora. 

C Can ba need oa all types of temples; froth or salt water temples, mill 
efflnente, Icachaioa, sludget, toil eluates. totli ox sedimome, specific chamioaU or 
mixtures of ohemieeli 

XX May bo oarrlad oat In the laboratory or In tho field. 

a. ftctdout requires minimal equipment aad consist! of an eaaily observable, 
itablo colour change. 

P. Following exposure of the ocganisms to tho test sample, results of the urate 
aaiay are available within minutei to hourt, depending on the magnitude of the 
impoiod suets. 

O. The tost can be carried oat wife email temple volume*, Le. leu than 2 at. 
H. The teat organism it cheep to grow and maintain, 
L System can be need for monitoring both chroalo and acute toxicity. 
J- fyttam la more ecadtive than current Milting lethality totte utlng wUd-type 
nematode!. 

K. Syitem provide! Information on tiling specificity of tho ttreii response. 
Storage of tbe nematodei: 

Throe method! of etorege of the nematodea dlxcelly In the teat chamber are 
posslblet 1) The enimele may be kept la the refrigerator (near 4»C) for jewel daya 
before use, eg tale temperature greatly alowa tbalr development. II) C. d/ggg/M hu a 
stage called the doutrlarva, which forma when celroret are etarvod. Tho dauorlarva 
doea not feed, and nan survive for an to throe months at emblem temperature, thea 
muma Ua development whoa presented with food, Thus the hlomonitor atraina ootid 
bo atorod to the tee* chambers at daucrteme for up to three moniht unill used; the 
animate could be fed for n brs or so to convert them to normal L4 larvae prior to uee 
in icite. itt) C, efggmr LI end U larvae eaa be frofton and stored indefinitely el dry 
lea or liquid nitrogen temperature!. They could therefore be ttored fifteen and 
thipaed directly in Ihe totl chambers; It would thea only be neeeaaary to cbenge Hie 
medium and feed the nematodea for a few boura prior to their uie In (em. 

IV. BXAMPLB8: 

The Invention em Author be understood by inference to the follow in g 
aaamlta. The e* ample* presented bolow are provided at a further guide to the 
praeUUoocr of ordinary skill in the an, and are not to be construed at limiting the 
invention la any way. The example! are divided Into a) the qualitative attar, M ihe 
qnandiadvo auay; c) uio of (So telf^oniained chamber, d) other assays. 

. Q"*** 1 **"* l* AlXA assays. The X-gal staining ptocedure U deeeribod in Fire ot 
ai. (g). Nematodei were exnaseti to ihe messing ohomleel in tat tubes or In mnltiweU 
diipoMble plastic dishes, ian etalned with the histological stain, x-gal. following 
pormUNiisiiioa with acetone, Tbe standard reference atresa condition, a heat check 
^J** 5, HH Jf tUUy "Pi 1 * 0111 wllb *■ ™ imkh 00 • Pital P Uu containing nutrient 
IS—^Jt * J*" » u ! al 2i ****** %as obeerved under a low power binoeulgr 
mloroicope. A heat ahoch tot at shen a time at 15 mln. at »«C eautet 0-galaetoaldiee 
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ee made In moit tissues of the animals (4). In addition, various chemical stressors, 
including Heavy metals tucb as anenite, cadmium, copper, lead, mercury end sine, 
■ad the herbicide, paraquat, were found to activate the reporter gene after exposures 
of icwtfal hours to a daye (11. Figure 5) These agents yisld different tissue patterns 
of stress induction: mercury and paraquat Induce only intestinal expression, lead 
affecu pharyngeal muscle, especially at lha beta of the terminal bulb, copper 
tnduesi in neurone and muaelo at the anterior end of the pharynx, and cadmium 
throughout the pharya* or occasionally in the InteiUae. Anenlie expoiure 
produces the most tissue general expression, la a maaoar remlnfecem of clastic heat 
■hock induction. Thcae reeultt, tiluetrated In Figure s, suggoit that classification of 
etreee agents In eomplea mixtures may bo a ueeftil feotara of this Womoaitorlng 
system. It la Important 10 nolo that no staining is teen in nemetodes which are not 
exposed to i treason. I.e. kepi In normal culture medium (13). 

b) Qaaailiaiive assays: In chase experiments, nematodes were exposed to the 
arreeeoT as in a), then permeahiliaed and assayed using ONPQ (o-aliroohenyl-p - D - 
galeclopyranoeido), a &-galacloalds*o eubatrate which yields a soluble yellow product 
upon reaction with the enzyme. One version of ihla standard ft-galaetoaldftee uiay is 
deeertbed by JtoeentheJ (IB), and lu previous uio with C. gfeggju by Fire (19). Bach 
eaiay used gpptoalma*ly 200-15,000 nematodes, depending on the experiment 

To determine if the onxyxno ictlvJiy produced was proportional to the magnitude 
of the anas, eliquota of nematodoa were heat shocked at 9i*C for varioua times. Tho 
plot shows In Figure 6 denwnairatai thai Aa anayme ceilvlly induced waa linear with 
reepeet to lha length of the heal tut is. from 30 inln. to the end of the experiment, at 
*> min* Thli experiment indicate* that the soluble ONPO aaiay it eufflcLeutiy 
icDilUve and provides a quantitative nteaiure of heat tlroee. 

Subseoaent experiments have used this Mtsy to measure the effects of chemical 
stressoreUl). The result of an experiment in which nemetodes wore exposed to 
oadmium chloride fox varying periods of time la shown in Figure 7. 

c) The self-contained test chamber (STC). Prototype STCa were constructed from 
dispoiablo plaalie syringes, or from a syringe plunger and a section of giaai tubing 
eg the barrel. Several hundred nematodes wore plaood inilde, Che plunger replaced* 
and the whole eeiembly wai lubtlcoicd to a heat shock; a control STC waa kept at room 
temperature. After the incubation, all steps of the ONPO Bitty were carried oat 
directly in the STC. The result was similar to that aeen when the essays were done in 
Jubet or welle: room temperature controls showed no colour development, while the 
heat shocked sample developed an Intense yellow colour within 10 min! to saver el 
hourg, depending upon the extent of the heat ehook and the number of animals ueed. 

d) Other assays. Since the nematodes can be made permeable to email molecules 
tn general by treatment with certain solventa Buoh aa acetone, theoretically any 
enayme present in the animals, and which can be measured using low molecular 
weight eubevetca, could be used In the above applications. For example, 
fehydrogenaseo such as a -fly oero phosphate dehydrogenase, normally preaent In 
wild-type C. *l4$to, have bean measured using a histochcmicgl Main specific for 
5 , "*y**» u thown in Figure ft. Therefore the epperatua and assay method* 
described hero could be mod to detect other potential reporter enaymei in suitably 
engineered transgenic strains, or even naturally occurring nematode enaymee. the 
eettvlty of whioh anight be indlcatora of environmental conditions. 

atoleeulea such as bacterial or firefly luclfcrasc could be ueed as reporters in 
combination with the ftipid promoters (7). Other potential regulatory loqecacci 
might include promoters Inducible by heavy metal i, such ae tboie of the 
metaxiothioaeui genes, the cytochrome F4S0 promoter, or promoteri roiponelve to 
oxidative streis or to specific toxins. 
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V. CONCLUSION! 

Thlf application describes a system for monitoring stress in a living organism. 
The system consists of; 

1. Transgenic stralni of tbe nematode, CaenorkabdttU efsiojM, which respond to 
certain environmental conditions by synthesizing readily detectable) eniymes; 

2. Methods and compositions for exposing iho animals to various aqueous 
solutions, slurries, sells and ehidges. 

3. Methods and compositions for measuring the enzymes directly in the animal. 

The advantages of this system over other cumuli? available Wotnooiuw* are !ti 
simplicity, rapidity* relatively low cost, assa of quantitation end tlssua specificity of 
tho respeueo. iu response to sublethal conditions, iu selectivity for certain stressors, 
and Its portability. 

A number of logical eatenttaas of this system can bo envisaged: 

- Other reporter genss besides the P-aeloctosldase need to date, could be uisd to 
advantage in the same way, and these could be controlled by any desired promoter. 

- Bnaymos already praaant la the natural, wild-type organism could bo measured, 
if soma are foand 10 be selectively activated or produced in response to changes in 
environmental conditions. 

- Other £rcc-livlng nematode species, such as Catnorhab<tiil$ in sat or 
Ptnaiftllus rtaivtw could bs used; ndivivus in particular might preiani certain 
advantages, such as lower eaygen requirements for growth or survival, or greater 
ease of storage. 

• Creation of ctntlnet transgenic organisms from other phyla using etrets- 
laduciblo promo tcri and reporter gene sequences. 

• Variation! in die design of the aeir«oontaincd apparatus might inelnda a suction 
bulb for aspirating samples Into the chamber, Instead or a piston; flow-through cells 
with e retaining mesh or porous plug at each end, for placement in flowing water; 
multlwefl plates in »hioh tha nematodes are retained in tba wells by an overlying 
porous filter or mesh. 
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^pS^ 0 ^^?!^^ 8 ^^?^ 1 ^ IN WH1CH EXCLUSIVE 
PROPERTY OR PRIVILEGE 16 CLAIMED ARE DEFINED AS FOLLOWS. 

1. A method of detecting toxin* or pollutant© in a sample 

comprising i 

- providing a transgenic organism having a ©tree a -inducible 
control region linked to a gene encoding a detectable protein, 
wherein said control region regulates the expression of said 
detectable protein* 

• exposing said organism to said sample j and 

- determining the amount of detectable protein produced. 

2. The method according to claim 1 wherein said organism is 

a nematode. 



3. The method according to claim l wherein said organism is 
a member of the genus Caenorhabdltls. 

4. A method according to claim l wherein said organism is 
Caenorhabdltls elegans. 

5 ' A mat hod according to claim 4 wherein said 

Caenorhabdltls elegane is selected from the group coneisting of 
PC71, PC72 and PC73. 

5. The method according to claim l wherein said control 
region includee a st rese- Inducible promoter derived from a heat 
shock gene. 



7. 



method according to claim 6 wherein said heat shock 
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gene la hip 16. 

8. The method according to claim 1 wherein said aecond gene 
cone let s of B. coll lacS gene. 

9. The method according to claim l wherein eald sample 19 
an environmental sample selected from the group consisting of 
water « soil and sludge. 

10. A kit for detecting toxins or pollutants in a sample 
comprising 

(a) a test chamber containing at least one transgenic 
organism having a stress- inducible control region linked to a gene 
encoding a detectable protein, wherein said control region 
regulates the expression of said detectable proteini and 

(to) means for detecting the detectable protein. 

11. The kit according to claim 10 wherein said organism is a 
nematode. 

12. The kit according to claim 10 wherein said organism is a 
member of the genus Caenorhabdltls. 

13* The kit according to claim 10 wherein said organism is 

Caenorhabdlt is elegans . 

14. The kit according to claim 13 wherein said 

Caenorhabdlt la elegans is selected from the group consisting of 
PC71, PC72 and PC73. 
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15. The kit according to claim 10 wherein said control 
region induces a stress- inducible promoter derived from a heat 
■hook gene. 

16. The kit according to claim 15 wherein said heat shock 
gene is hep 16. 

17. The kit according to claim 10 wherein said second gene 
cons let o of &» coll lecZ gene. 

18. The kit according to claim 10 wherein aald sample is an 
environmental sample selected from the group consisting of water, 
■oil and sludge. 

19. A transgenic organism having a stress -Inducible a 
control region linked to a gene encoding a detectable protein, 
wherein said control region regulates the expression of said 
det eotable . protein . 

20. The transgenic organism according to claim 19 wherein 
aald organism is a member of the genus Caenorhabdlt Is . 

21. The transgenic organism according to claim 19 wherein 
said organism le selected from the group consisting of PC71, PC72 
and PC73, 
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Tranilatitnal Fusion* (Complete): 




H»p 16-48 
Of 

Hsp16-41 



TATA HS6 



MW TATA 



KfiplB-1 
or 

HBP16-2 



Trsnlstlontl Fusions <Exon 1): 




NLS-lncZ 



TATA H8E 



HBE TATA 



Hip 16-1 
or 

Hepie-2 



Hip 16-48 
or 

Hfp 16-41 



Transcriptional Fusions: 

NLS-lgoZ 




Figure 1. Reporter g*n» eenatruete which respond to environmental » traitor* (4). The 
complete traosJeUongl Anion oonftltu or i complete top 16* W I gene p*lx» including the 
3' end %* notveodiag tequcocei or both genet, wife the B. coll lacZ gene littextsd in- 
freme Into i unique #poi ilte i* ibe aecond exon or kspl6-l. The homoiogout conitruct 
uses the ksp2<f'41/2 gene peir, The oxoa 1 fusion* were coniuructod by cloning e Sag* A 
Augment containing the intcrgenlo lequewe of hspl6~4*/i, h9p26~)f4» h$pl$-H41 t 
respectively, into the BamHl lite oT Ifae lacZ expression vector pro 16,5 1 (8). The arrows 
indictee the direction or tranieription. Z represent* an alternating purine-pyrtrnldJne 
tract. Trirucrrptkmal ioilons removed the HSEi end TATA boxes of the ksp)6-l end ftjoid- 
* genee, respectively, but retained e tingle promoter (A#pJ*.4g or hip 2 6-4 1). NU, SV40 
ttueleer localisation tlgnat. 
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Cldntd lecZ §«n«, Icopiee pes gaiion* 
Oqulveient 

Figure 2. Btttmeiion of reporter jone copy number in araniiftAic 4 trains. Serial two* 
fold dilution of fenotnlc DNa from PCT3, PC72* FC71 ind wlld'type (N2> C frit/onr. 
MftlBf at 100 n* <0.5 , were spotted onto ft oiirocelhiloie filler. For eoauMfUn, 
dllutiono of the etaed £. ccU taeZ pen*. encodfe* l-fftiectoildeie. were ipoited along 
0» bottom. The filter wee then hybridised with e Hp-labelled tegment of tocZ DNA, 
■nd eapeeed to X*roy film. The loadlaje of tfecZ ONA wet* chorea to represent 100, 56. 
25 ete. eopiel of the geae in e 5 HI eeaaple of nematode DMA* Thui ■ ftJgnml In iho 



experimental genomic DNA camples auiet bo multiplied by 10 (to allow for the 
difference la DNA loading* between the experimental poitua and the stendgrdi). end 
divided ty cwo (to convert to haplold fftnomo eqaWelenti) to make it eompareble to 
the itandi/di. In pmctlce the eignale wore anantifled by deniltameiry, e fttaadaid 
wve wea eon*trtictcd. end tiio experimenter ealuee wore detormtnod from the 
luadard curve. Note the abionoo of lecZ eignai In the wild-type DNA. 
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Exposure to Sircii 
(S-9« b) 



With 

(3 mln) 
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Permotbilise 

(2 mln) 



Add ONPO (colonrltit) 



Add Xgal (colourltsi) 



Soluble jtllow solution. 
Read A 420 nro. 
(15 mln- 34 h) 



In«ol«bl« blu« pr«clpitat< 
forms in iltu, 
(30 mln- 24 h) 



p. Bi 



9 -_T ,0W 9 ***\ S 1 I*" ,UeM « ,a t twuugtaic Catnor hat> JUU tUgani 

tlrafaw canyinf ■trasi-lnduelbte promote!* linked lo g. cell P-plaotoiidiia. 
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Keatiodtti 
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S volume of clumber 




3. Staling tango or gufcei 



5. Support or holder 

to poioui filter or mesh 
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3"E t^STS'Hf ffaSSJS* chMnber (STC> to TO " w<n * 



el 41 2 0 8 x a V 9 




Tl " u# <"«r*b*iion of p.galactoiidase ichvjiy ;n uarugor.c namatodej 
expoio* to _v»rimif chemical iirc«ors ay detected by Xgai mining tU). All larvta 
were wpoicd to each a rent for a period of 24 hours. Starling from ihc top left corner 
uw proceeding clock win. the concentration* wew 30 mg/L Pb(N0j>2. s ni/L 
H|gt2, 10 mg/L CuCl2 100 wM CdClz. 1 rnM paraquar. 100 mM NoAj02. i mg/L 



0 20 40 00 00 100 

Tim* tmln.) 

FijoTf 6. Quantitative ONPO oity Of p-|*UctotldiM ictivjiy in FC73 wormt 
following hut ihock dor variovo limn. 



A 420 i- 





°/ *• w» «ipM«« 10 the ogont la ■ nraltiwell plate, then 

procomd in dlipoitblo oofttriAig* tabu. For McHourv*, (lit arlthmotto nun! of 
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Hun data sen were plotted The 24 b and 4$ h LC50 velac* tie Jodie tied by the 
vertical lines (it). 



Figure ft. la titiL biftoohcraioal etaan for o-gJyeeroplioephate dehydrogenise 
(OPDH) In wild-type c. *i**e«r. Nematodea win mined for gpoh trier a 1 minute 
treatment with acetone. The Haloing mixture contained: 100»il of Bovine Jenun 
AlBunta (10 mg/tal), 100*1 of NAD (10 mtfml), tOO^t of Ti^HQ (1 M. pH 0.5), IQOul of 
e enuatad wiuUon of Nltro Blue TetraioHum. IQOjil of a-glyoerophoiphatc (2 M), 20*1 
ef Phenaalne cnethosaltoc (1 mg/ml) and 1.0 ml of water. The Incubation was et 
room lempcrituro far to mla. A control may wee carried out m wbleh the lubitraie, 
«-gIyeeropbotphate t w«e omiued. The control womi uelned a light pink color, 
while thoee incubated 1A the complete mU eielned a derk purpJe, After staining, both 
groapi of worm wore mixed together and photographed. A/rows Indict to example* 
ef OPDH stela* worms C Indicate* controls, —--r 
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